INTRODUCTION
The returns of chum salmon (Oncorhynchus keta) to the Pacifi c coast of Hokkaido have decreased markedly in recent years (Miyakoshi et al. 2013) . Because the mortality of Pacific salmon is reported to be high in their early ocean life (Parker 1962; Bax 1983; Pearcy 1992; Karpenko 1998; Wertheimer and Thrower 2007) , declines in the number of chum salmon returning to the Pacifi c coast of Hokkaido might be caused by changing coastal ocean environments aff ecting their survival. The Kushiro River is the main production center for chum salmon enhancement on the eastern Pacifi c coast of Hokkaido (Fig. 1A) . On the Pacifi c coast of Hokkaido, chum salmon returns have decreased remarkably, especially in the eastern area including the Kushiro River (Hokkaido National Fisheries Research Institute 2015) . Two currents fl ow westward near the eastern Pacifi c coast: the Oyashio Current and the Coastal Oyashio Current (Isoda and Kishi 2003; Kono et al. 2004 ). The Oyashio Current, which becomes a major part of the Western Subarctic Gyre, is formed from the combination of Okhotsk Sea water and the East Kamchatka Current (Ohtani 1989; Talley and Nagata 1995; Yasuda 2003) , and it is characterized by low temperatures (Talley and Nagata 1995) . The Coastal Oyashio Current, which fl ows nearer the Hokkai-do coast than the Oyashio Current, originates in the Okhotsk Sea (Ohtani 1971; , and it is characterized by low temperatures and low salinity in winter and spring, and high temperatures and high salinity in summer and fall (Kono et al. 2004) . Although the ocean environment in the nearshore areas of the eastern Pacifi c coast is poorly understood, it is known that the Kushiro area is one of the coolest areas in Hokkaido occupied by juvenile chum salmon (Ogasawara 1990) .
Previous studies have shown that distribution and migration of juvenile chum salmon are aff ected largely by sea surface temperatures (SST) in Hokkaido (Irie 1990; Nagata et al. 2007; Kasugai et al. 2012 ). According to past research conducted in the Hiroo area (see Fig. 1A ), located on the Pacifi c coast west of Kushiro, and adjacent to the Coastal Oyashio Current (Seki and Shimizu 1996) , chum salmon fry released in a period with colder SST had lower survival than Fig. 1 . Maps of the study area. A: release sites of otolith-marked fi sh (black circles) along the Pacifi c coast of Hokkaido; B: hatchery sites (black circles) in the Kushiro River; C: survey sites in the Kushiro area: black and gray circles indicate sites for fi sh collection with a surface trawl and environmental observations, white circle indicates site for environmental observation, gray triangles indicate sites for daytime fi sh observation and nighttime fi sh collection with scoop nets, and black triangles indicate sites for daytime fi sh observation.
fry released in a period with warmer SST. This indicates that lower SST aff ects the survival in the early ocean life of chum salmon along the eastern Pacifi c coast. To elucidate the distribution and migration patterns of juvenile chum salmon around Hokkaido, it is important to understand the factors aff ecting their critical life period in this area.
Several studies have explored the relationship between juvenile chum salmon and coastal environments on the Pacific coast of eastern Hokkaido (Irie 1985a (Irie , b, 1987 (Irie , 1990 Irie and Nakamura 1985; Seki and Shimizu 1996; Seki 2005) . These studies revealed general distribution and migration patterns of juvenile chum salmon, but do not describe specifi c patterns for fi sh released in the Kushiro River. In the present study, we examined the distribution and migration patterns of juvenile chum salmon in relation to the coastal environments in the nearshore area of Kushiro.
MATERIALS AND METHODS

Stocking of Hatchery-reared Chum Salmon
In the Kushiro River, approximately 55 million hatchery-reared chum salmon are released annually in spring from four private hatcheries and one national hatchery (the Biruwa, Osotsubetsu, Shibecha, and Ashibetsu hatcheries of the Tokachi-Kushiro Salmon Enhancement Programs Association, and the Tsurui Field Station of the Hokkaido National Fisheries Research Institute; Fig. 1B ). The actual numbers of stocked fi sh in the study period (2012) (2013) (2014) Table 1 . Fork length (mm), body weight (g), and number of otolith-marked chum salmon released into the Kushiro River in 2012-2014. Data on thermal otolith-marked fi sh are from Okamoto et al. (2012) and Tomida et al. (2013 Tomida et al. ( , 2014 .
Of the chum salmon stocked into Kushiro River, only fi sh reared at the national hatchery received otolith thermal marks (8.6-8.9 million fi sh). To distinguish the fi sh groups released from private hatcheries, we applied otolith marks by using fl uorescent alizarin complexone (ALC). In 2011 million chum salmon eyed eggs were immersed in 200 ppm ALC solutions for 24 h. ALC-marked fry were released into the Kushiro River from two hatcheries (Osotsubetsu and Biruwa) on various dates in 2012-2014 (Table 1, Fig. 1B ).
Field Sampling
To capture migrating fry, a rotary screw trap (cone diameter 1.5 m, EG Solutions, Inc., Corvallis, OR, USA) was installed near a salmon weir site in the Kushiro River, 8 km up from the river mouth (Fig. 1B, C) . The rotary screw trap was operated from April to June. The livebox of the trap was emptied daily while the trap was operating. On Monday, Wednesday, and Friday, fi sh that were caught were fi xed in a 5% neutral formalin solution to examine marked fi sh. In the coastal areas of Kushiro, the surveys were conducted in both ports and nearshore areas at 10-day intervals between late April and late July in 2012-2014. Surveys in the ports included daytime observations and nighttime collecting. During the day, we measured SST and visually counted the number of juvenile chum salmon at 24 sites: three sites in the Shiranuka Fishing Port, 14 sites in the Kushiro Port, one site in the Chiyonoura Fishing Port, and six sites in the Konbumori Fishing Port (Fig. 1B, C) . Numbers of juvenile salmon in the ports were estimated visually. We fi rst counted 50 fi sh directly. We then compared (by eye) the size of the (small) school to the size of a school along an approximately 100-m length of a quay at the port. During the night, juvenile chum salmon were collected with scoop nets (80-cm diameter, 2-m pole, 5-mm mesh) under a LED fl oodlight (3,000 lm) or headlamp for 30 min at two stations (East and West wharves) in the Kushiro Port and three other fi shing ports (Shiranuka, Chiyonoura, and Konbumori; Table 2 ).
In the nearshore areas, trawl stations were set at 1, 4, and 7 km off shore at both the Kushiro (A1-A3) and Akan rivers (B1-B3), and 1 km off shore the Shiranuka coast (C1) ( Table  2 , Fig. 1C ). A surface trawl net (mouth 8 m wide × 5 m deep, 18 m long, with wing nets 7 m long and a central bag with a 5-mm mesh) was towed by two fi shing boats for 10-20 min at a speed of ca. 4 knots during the day. Catch per unit eff ort (CPUE) is the number of juvenile chum salmon caught per distance towed by the surface trawl net. Temperature and salinity were measured with a CTD (Compact-CTD, JFE Advantech, Nishinomiya, Japan) at each station. Inclement weather conditions precluded surveys from being conducted in late April, early May, early June, early July, and late July in 2012 and early July in 2013.
Fish captured in rivers, ports, and nearshore areas were fi xed in a 5% neutral formalin solution for 4 hr, transferred to 70% ethanol, and then measured for body size. Fork length and body weight of each fi sh were measured to an accuracy of 0.01 mm and 0.001 g, respectively. Otoliths were extracted from all specimens. ALC markings were verifi ed under a fl uorescent light with a microscope for all specimens in all three years. Thermal markings were verifi ed by comparing with photographs (Okamoto et al. 2012 ) taken under a microscope after polishing otoliths from specimens caught in late June 2012.
RESULTS
Temperature and Salinity
Water temperatures generally increased seasonally at all localities and depths, with some degree of interannual variability (Fig. 2) . The temperature at 4 m depth did not vary signifi cantly among sites or years (Fig. 2D) . Thermoclines and haloclines at 1-3 m depth were evident at East Wharf and at Station A1 (1 km off the Kushiro River mouth). In contrast, distinct thermoclines were not observed at Stations B1 and B2 during the survey period. The temperatures above the thermocline were lower with distance off shore, although the diff erences in temperature among the sites decreased with the progress of the season (Fig. 2C) . When strong northerly winds were blowing a few days before survey days, temperatures and salinity at the ports were not stratifi ed. For example, prior to our observations in early May (actually May 9 th ) 2013 (Fig. 2C, D ) a north-northeasterly wind (maximum velocity: 11.0-15.3 m/sec) was blowing from May 6-8 (Japan Meteorological Agency 2015a).
Distribution of Juvenile Chum Salmon in Ports and Nearshore Areas
In the Kushiro Port, juvenile chum salmon were observed from late April to mid-late June. Periods of peak abundance varied by year: mid-May in 2012, early June in 2013, and late May in 2014. The number of fi sh observed in the Kushiro Port was highest in 2014, lowest in 2013, and intermediate in 2012, particularly in late May. Juvenile chum salmon numbers were highest when SST ranged from 8 to 13°C (Fig. 3) . Late in the season, juvenile chum salmon were detected only in the eastern areas of the Kushiro Port, not in the western areas.
Juvenile chum salmon were caught with a surface trawl net in the nearshore areas generally from late May to late June during all three years. The value of the CPUE (fi sh/ km) peaked between early and late June in all three years. The CPUE in nearshore areas and in ports increased when SST exceeded 8°C (Fig. 3) . The CPUE was higher at sites 1 km off the shore, although the CPUE was lower at sites > 4 km off the coast even when the SST at these sites was > 8°C.
The number of juvenile chum salmon in the ports exceeded 100 when the SST was between 5°C and 16°C, and similarly, the CPUE in nearshore areas was > 100 fi sh/km when the SST was between 4°C and 14°C (Fig. 4) .
Body Size of Juvenile Chum Salmon
The most frequent size range of juvenile chum salmon generally did not change in the Kushiro Port, although it increased gradually in the nearshore area with the progress of the season (Fig. 5) . In the nearshore areas, large fi sh (> 80 mm) appeared in late June in all three years. Examination of the otolith marks of juvenile chum salmon caught in late June 2012 confi rmed the presence of otolith-thermal-marked fi sh released from other rivers on the Pacifi c coast west of the Kushiro area (Table 3 ). The maximum size of the otolith-marked fi sh, excluding fi sh from the Hiroo area, did not diff er, although the minimum size of the fi sh increased with distance from the release sites to Kushiro (Fig. 6 ). Fish released from sites farther west of Kushiro were signifi cantly larger when caught in the Kushiro nearshore areas in late June 2012, compared to fi sh released at sites closer to Kushiro (Pearson's product-moment correlation, r = 0.733, P < 0.001).
Distribution and Body Size of Marked Chum Salmon Released in the Kushiro River
The ALC-marked fi sh released into the upper Kushiro River in 2014 were initially distributed on both sides of the river mouth in the Kushiro Port, and migrated to ports both west and east of the Kushiro Port and off the Shiranuka coast (C1, Fig. 1; Fig. 7 ). The ALC-marked fi sh released in early April in 2014 were recaptured in nearshore areas until early June, whereas those released in early May in 2014 were recaptured from late May to early July in nearshore areas. The fork lengths of fi sh released after mid-April were continuous among the lower Kushiro River, ports, and nearshore areas in 2013 and 2014 (Fig. 8) . However, fork lengths of fi sh released in early April did not diff er between fi sh captured in the river and in the ports, although the fi sh recaptured after late May were larger than the fi sh recaptured in the river, ports, and nearshore areas (Fig. 8) . 
DISCUSSION
Distribution and migration of juvenile chum salmon in ports and nearshore areas might be infl uenced by SST. Large diff erences in the SST between a port and nearshore areas might have prevented juvenile salmon from leaving port waters in late May 2014. The range of SST that juvenile chum salmon experienced in ports and nearshore areas of the Kushiro region were similar to those reported previously (Irie 1990; Nagata et al. 2007; Kasugai et al. 2012) . However, the maximum SST that many fi sh experienced in the ports was higher, and the minimum SST that many fi sh experienced in the nearshore areas was lower than those in other coastal areas of eastern Hokkaido (Abashiri: Nagata et al. 2007 ; Nemuro Bay: Kasugai et al. 2012 ). Higher maximum SST in ports and lower minimum SST in nearshore areas may be caused by the cold Coastal Oyashio Current that fl ows near the Kushiro coast.
Juvenile chum salmon that exited rivers were often observed in the ports, indicating that ports are important zones for early ocean life of chum salmon (Irie and Nakamura 1985; Irie 1990) . Because the body length of the fi sh sampled in ports did not change during the study period, it is plausible that the population of juvenile chum salmon in ports was being replaced by the fi sh that moved from the river. Juvenile chum salmon with a body length > 45 mm may exit ports (Irie and Nakamura 1985) in search for food because of increasing food requirements and a shortage of large prey (Simenstad and Salo 1982; Irie 1990 ). The average body length of fi sh stocked into the Kushiro River in recent years is > 45 mm, indicating that juvenile chum salmon continuously exit ports.
Ports and harbors are usually enclosed by breakwaters that, combined with the decreased impact of waves, cause surface waters to warm up quickly creating a thermal stratifi cation. Additionally, higher temperatures and lower salinity in ports indicate that fresh-water fl ow from the Kushiro River is retained within the port, thus enabling stratifi cation to occur. Hence, SST usually increases faster in ports than in the nearshore areas, thus prolonging the juvenile chum salmon residence in ports until the SST in the nearshore areas is preferable. However, stratifi cation in the water column at ports may easily be disturbed by winds causing a rapid drop in SST in the ports during the period when temperatures below the thermocline are low. A rapid decrease in temperature may also have a lethal eff ect on juvenile chum salmon (Brett 1952) . Additionally, if the SST in the water outside of the ports remains < 8°C, juvenile salmon would likely not 'decide' to leave the ports. Consequently, fi sh may starve because of the shortage of large prey in ports (Irie 1987) . Table 3 . Number and percentage of otolith-marked fi sh caught in late June 2012 and number of otolith-marked fi sh released at each site in 2012. Data for the number of marked fi sh released, mean size at release, and date of last release are from Okamoto et al. (2012 In previous studies, juvenile chum salmon released into the Kushiro River were recaptured at Shiraoi, a location farther west from Kushiro (Nara 2006; Saito et al. 2013; Fig. 1A) . Because chum salmon stocked in the rivers in Hokkaido are known to migrate to the Okhotsk Sea (Urawa et al. 1998 (Urawa et al. , 2001 , juvenile chum salmon that descended from the rivers on the Pacifi c coast of Hokkaido may migrate eastward (Irie 1985b (Irie , 1990 . Therefore, westward migration of juvenile chum salmon may be passive and in the direction of the Coastal Oyashio Current. In contrast, ALC-marked fi sh were recaptured early in the season in ports both east and west of the Kushiro area, indicating that eastward migration along the shoreline is frequent (Irie 1990) .
Diff erences in body size between the fi sh caught in the nearshore areas after late May suggested that juvenile chum salmon that exit the Kushiro River did not grow in the ports, but in other areas. Juvenile chum salmon stocked into the Kushiro River have been recaptured at locations far west of the Kushiro area (Nara 2006; Saito et al. 2013) . Further, fi sh released into the Kushiro River have also been recaptured at Konbumori, east of Kushiro after early June K. Kasugai, unpublished data) . Fish released earlier into the Kushiro River are likely to have migrated westward (Saito et al. 2013 ). In the present study, body length of the ALC-marked fi sh released in April is signifi cantly diff erent from the length of fi sh in the nearshore areas after late May. These results suggest that fi sh released in the Kushiro River that are distributed in the Kushiro nearshore areas after late May might grow in locations west of Kushiro.
Juvenile chum salmon are reported to be distributed densely along the Pacifi c coast within 30 km off the coast of Hokkaido, with density increasing with proximity to the shore (Irie 1985a (Irie , 1990 . On the Pacifi c coast of Hokkaido, juvenile chum salmon were observed within 5 km off Akkeshi Bay, 40 km east of Kushiro (Irie 1985b (Irie , 1990 , and they were distributed densely within 2 km off Hiroo, west of Kushiro (Seki and Shimizu 1996; Seki 2005) . In the present study, the highest density of juvenile chum salmon was at 1 km off the coast, whereas they were not detected at 7 km off the coast. Our results suggest that juvenile chum salmon are distributed within a narrower zone than previously reported. Juvenile chum salmon caught in the zone 1 km off the coast included fi sh released into the rivers west of Kushiro. Fish caught at Konbumori contained fi sh released in Iwate Prefecture of Honshu Island ( Fig. 1A ; Nara 2006; Hasegawa et al. 2013; Sato et al. 2013) . Therefore, the coastal area of Kushiro is considered an important migration route for juvenile chum salmon released on the Pacifi c coast of Japan.
Larger juvenile chum salmon might begin to migrate off shore earlier than smaller fi sh (Mayama et al. , 1983 Mayama 1985; Kaeriyama 1986; Irie 1990; Salo 1991) ; the threshold size for migration is between 70-80 mm in Hokkaido (Mayama et al. , 1983 Mayama 1985; Irie 1990 (Table 1) .
The minimum size of the otolith-marked fi sh increased with distance from the release sites to Kushiro, although their last release dates were similar among regions. The shorter the distance from the release sites to the Kushiro area, and the greater number of small-sized recaptured fi sh, suggests that survival after a long migration depends on body size. In the early 1980s (1981) (1982) (1983) (1984) (1985) , many large juvenile chum salmon were distributed on the Pacifi c coast of eastern Hokkaido in early to mid-July (Irie 1985a (Irie , 1990 , and the peak of distribution was later than that reported in the present study. The average SST anomaly in the area off Kushiro was -0.10°C in the spring (April-June) and -0.08°C in the summer (July-September) in the early 1980s, whereas the average SST anomaly varied from 0.07°C in the spring to 1.77°C in the summer in the early 2010s (Japan Meteorological Agency 2015b); therefore the SST in the early 1980s were lower than those in the early 2010s. The diff erence in SST might alter the migration periods of juvenile chum salmon along the Pacifi c coast of eastern Hokkaido.
Our study revealed distinct distribution and migration patterns of juvenile chum salmon in the Kushiro area, with juveniles migrating from the river mouth both eastward and westward of the coastal area. Future studies are needed to determine when and where early marine mortality events occur for the juvenile chum salmon of Kushiro.
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